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SPECI AL CONDI Tl ONS

SPECI AL CONDI TI ONS

The best shoring systemin the world would be of little value if the
soi|l being supported does not act as contenplated by the designer.

Adverse soil properties and changing conditions need to be
consi der ed.

Anchors placed within a soil failure wedge will exhibit little holding
val ue when soil novement in the active zone occurs. The sane reasoning
holds for the anchors or piles in soils which decrease bonding or shear
resi stance due to changes in plasticity or cohesion. Additional
i nformation regarding anchors may be found in the USS Steel Sheet
Piling Design Manual.

When cohesive soils tend to expand or are pushed upward in an
excavation, the shoring wants to nove laterally. Soil rising in an
excavation indicates that sonewhere else soil is settling. Water
rising in an excavation can lead to quick conditions, while water
movi ng horizontally can transport soil particles |eaving unwanted
voi ds at possibly critical |ocations.

Avery inportant consideration always present in all but a few types
of shoring systens is the potential for a sudden failure due to

slippage of the soil around the shoring system along a surface
offering the I east anount of resistance.

Sanmpl e situations of the above are included on the follow ng pages.
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CALI FORNI A° TRENCHI NG AND SHORI NG MANUAL

The size, shape, depth and location of an anchor block affects the
resi stance capacity developed by that anchor. The follow ng diagram
expl ains how the distance fromthe wall affects capacity.

Wall active pressure wedge

- Anchor passive pressure

m

e—(‘ :
/ 7 h, = depth to intersection

— / - of failure wedge plane.
/
/7 ¢ . .
- Estimated point of zero move-
[ ment in vertical support.
—“ Wl_

Deadman A |ocated inside active wedge and offers no resistance.
Deadman B resistance is reduced due to overlap of the active
wedge (wall) and the passive wedge (anchor).

Anchor reduction: (Ganular soils)
App = (1/2) (Kp - Ku)7hy?
APp is transferred to the wall.

Deadman C devel ops full capacity but increases pressure on wall
Deadman D devel ops full capacity and has no effect on bul khead.

Deadmen shoul d be placed against firmnatural soil and should not be
allowed to settle.

A safety factor of 2 is reconmended for all anchors and deadnen.

The followng criteria is for anchors or deadman |ocated entirely in
t he passive zone as indicated by Anchor D
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DEADMEN | N COHESI ONLESS SO L _NEAR GROUND SURFACE :d = H 2.

The forces acting on an anchor are shown in the follow ng diagrans.
For this case, 4 = H/2, it is assuned that the anchor extends to the
ground surface.

NI T
Passive l lActive
zone | | zone

- D
Tuit

46______

PN
S

= ok o

where p= yDKp; a = yDK,

The capacity of a deadman al so depends on whether it is continuous
(long) or short. A deadman is considered continuous when its |ength
greatly exceeds it height.
The basic equation is:

Tult = L(Pp - P,) where L = Length of Deadman.
For continuous Deadnen

P, = K,yD?/2 P, = proz/z

Taie =  "02(Ky - Ka)L}/2

For Short Deadmen (L = 3H)
= - 3 1/2y /5
Tult = L(Pp P,) + (YKoD tan¢[Kp + K;] )/

Ko =0.4 is recommended.
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DEADMEN IN COHESI ONLESS SO L where 1.5 = DDH =5.5

This chart is based on sand of medium density, (¢= 32.5). For other
values of ¢ a linear correlation my be made from (¢ /32.5). The chart
is valid for ratios of depth to height of anchor (D/H) between 1.5.
and 5.5.

For square deadman the value fromthe chart (Kp’) is larger than the
value for continuous deadman (KB. This is because the failure surface
Is larger than the actual dimensions of the deadman. In testing it
is determned to be approximately twice the wdth.

11 7N / /A\y/
10 v
; Ty
8
SN
and 6 . ELEVATION
B S [ ’ N
4 ‘;“~»‘\\ ”,,,—’)’ L=H x> P
3 7‘&&:3_ . N
\ A-H
2 *_
1 ' L=H [}-'54-5>'P
1 2 3 4 5 6 Ak—‘

D/H PLAN
FIGURE 23 .

For Conti nuous Deadman

Use Ovesen's nethod as described in the USS Steel Sheet
Piling Design Manual .

For Square (or Short) Deadmen, L = H
Pyt = (YH2Kp’L) /2

It is recomended that a factor of safety of 2 be used.
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DEADMEN | N COHESIONLESS SO L where DDH=5.5

When deadnen are placed at great depth the resistance can be

approximately cal cul ated as the capacity of a footing at a depth equal

to the center of the deadman. Resistance can also be estinmated from

the follow ng equations and chart.

T,i+ = Bearing capacity of a footing at a depth equal to D + H2 (see
page 11-3).

Where water is not a factor:

Ty: (Square Block) = 2LN' + 6H(100 + N)(LH)

Ty: (Long Block) = 3LN® + 5H(100 + N (LH)

. S Very

Loose Medium Dense Dense

10
N
20 AN
30
N . S
40 \
N

50 ) N
60 ‘\\\
70 , — \\

28 30 32 34 36 38 40 42 44 46

Angle of internal friction, ¢ (degrees)
N = Standard Penetration Resistance (Number of blows per foot)

FI GURE 24
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DEADMEN IN COHESIVE SOIL NEAR THE GROUND SURFACE d = H/2

The forces acting on an anchor are shown in the follow ng diagrans.
For this case, d. <. H2 (see page 11-3), it is assuned that the anchor
extends to the ground surface, Capacity of the anchor depends upon
whether it is considered continuous or short.

2C[K,11/2
Y oo e

where p = YD + 2C[
1 a= ynip - 2C[R,)1/2

2C/r

The pressure diagram for cohesive

solls assumes a short load dura-
tion. For a duration of a period
of years it is likely that creep
will change the pressure diagram.
Therefore conservative assump-

tions should be used in the
l@ _el 9! le © analysis, such as:
COHESI VE SO L C=0 and ¢ = 27°

The basic equation is:

Tut = L(P, - P.) where L = Length of Deadman.

For Continuous Deadnen:
P, = yszplz + 2cn[xp]1/2

Pa = (DK, - 2C[K,11/2) (D -2¢/7) /2

It is recoomended that the tension zone be negl ected.

Tult = L(Pp - Pa

For Short Deadnen:

Tur = L( Pp - Py + ZCD2

11-6



SPECI AL CONDI TI ONS

DEADVEN I N COHESIVE SO L where d 2 H 2

A chart has been devel oped through testing for deadmen other than near
the surface. This chart relates a dinmensionless coefficient (R to
the ratios of depth to height of an anchor (D'H) to determ ne the
capacity of the deadnan.

This chart applies to continuous anchors only.

......................................................................

/ ~—— Experimental Curve

0 2 4 6 8 10 12 14 16 18

D/ H
FI GURE 25

The above graph is from Strength of Deadnen Anchors in d ay,
Thomas R Mackenzie, Master's Thesis Princeton
University, Princeton, New Jersey, 1955.

P3¢+ = RCHL with a maximum value of R = 8.5.

It is recommended that a factor of safety of 2 be used.

11-7
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HEAVE

The condition of heave can occur in soft plastic clays when the depth
of the excavation is sufficient to cause the surrounding clay soi
to displace vertically with a correspondi ng upward novenent of the
material in the bottom of the excavation.

The possibility of heave and slip circle failure in soft clays, and
in the underlying clay layers, should be checked when the Stability
Nunber (N,) exceeds 6 (Stability Nunmber, N, = yH/C).

5>
ST T
-

Q = Leve1~-\'surcha.rge loading
N. = Bearing Capacity Factor

C = Unit Cohesion of soil

=

|
|
o
4 :‘H
I
|

V2
N \ 7/
-~ <7~ - B[2]

The relative layout of the excavation influences how heave may be
checked. The two conditions depend on whether the sides of the
excavation are in close proximty of each other as conparedto the

dept h.
For the condition of H < B (w de, shallow excavations)
Critical Height H, = (5.7C - Q)/{y - (c/B)[2]1/2}  (Terzaghi)
For the condition of H> B (trench type excavations)
critical Height H. = (CN\N, - Q /vy ( Skenpt on)

The Bearing capacity factor, N, is determned from FI GURE 26 on
the follow ng page.
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It is recommended that a mninum safety factor of 1.5 be applied to
we Unit Cohesion of soil (use ¢1.5).

If heave is probable while using the mninmmsafety factor it could
be prevented by extending the shoring system (sheeting) bel ow the
bottom of the excavation into a nore stable layer, or for a distance
of one-half the width of the excavation (typically valid for only
excavations where H>B). Another solution would be overexcavating and
constructing a counterweight or treme seal

NOTE- Strutting a wall near its bottomw || not prevent heave but
such strutting may prevent the wall fromrotating into the
excavati on.

A procedure for calculating the critical height H, at which heaving
could occur is outlined on the previous page.

///,,——— For square or circular: B/L =
9 %
8 >// .
f -
N ._/_ 6. /Q
© B/L = 0 (infinitely long)

6 —
5.1 For reétangles:
5 . N, = (0.84 + 0.16B/L)N.(square)
|
| ’ L
0 1 2 3 1 5 6
H/B

Diagram for determning the Bearing Capacity Factor, N:

FI GURE 26
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PROB for H < B

G ven:

Sol ut i

H=12', B = 20', I= 40' o
Q = 300 psf, C = 400 psf, ¥y = 115 pcf
on: H, = (5.7C - Q)/{y - (¢/B)[211/2)
= {5.7(400) - 300}/{115 - (400/20) (1.414)}
= 22.8' > 12!

I[f we were to apply the mninum recommended Safety Factor
of 1.5, the value of C to use woul d be:

C/1.5 = 267 psf.

He = {5.7(267) -300}/{115 - (267/20) (1.414)}
= 12.7' > 12

Since His less than H, with a Safety Factor- considered,
heave is not expected to occur.

EXAMPLE PROBIFM for H > B

G ven: H=25', B =10', L= 40'
Q = 300 psf, C = 400 psf, ¥y = 115 pcf
Sol uti on: HB = 25/10 = 2.5, B/IL =10/40 = 0.25

From FI GURE 26 on the previous page,
N, square = 8.8
For rectangle:
N, ={0.84 + 0.16(0.25)}8.8 = 7.74

Now applying the Safety Factor of 1.5 to the Cohesive

val ue; C = 400/1.5 = 267 psf.
HC = (CNC-Q)/Y
(267(7.74) - 300) /115
15.4' < 25!

Since H. < H heave is likely to occur. For this case
extending the shoring +5 deeper should be considered.
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GROUND WATER

EXAMPLE: Soldier Piles w Struts (restrained system

From Soils Report

[ h, = 10° y = 110 pcf
h, = 6' Yp = 0.6y
hl = 66 pcf
Kw = 38 pcf
16! GW P
¥ 1
Kw = Ky
K, = Kw/y = 38/110
hy = 0.345
¥\ P, = 0.71Kzyh; = 0.71Kwh,
<— Py —— P, —3 P, = (0.71) (38)(10)
i = 270 psf

P, = Py + 0.71Kpyph, = 270 + (0.71) (0.345) (66) (6) = 367 psf
Py = (62.4) (6) = 374 psf

EXAMPLE: Sheet Piling (cantilevered system

S —
Same conditions as above
hy
Rw = K,y :
160 p— Ky = rgwg;;; 38/110
'X_ Av4 Pl = 0.
hy
P, = (38)(10)
~N— N = 380 psf
‘ , L

P, = P; + Kp¥phy = 380 + (0.345) (66)(6) = 517 psf

(62.4) (6) = 374 psf

éd
0
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LOANERED WATER TABLE

When the water table is lowered nore load is transmtted to the
underlying soil. This is due to the fact that the water's bouyant
force on the soil particles is removed when the water table is |owered.

EXAMPLE PROBLEM

7N - T
d = 20! Sand YSAT = 135 pCf
D, = 50° —_ S Ypry = 116 pcf
w = 20%
D, = 25 ' clay ysap = 120 pcf
G ven: Water surface originally at ground surface.
Water surface is |owered 20 Ft.
Fi nd: Pressure at the center of the clay |ayer
Sol uti on:
Initial
P = D; (Ysar = YwaTER) + (P2/2) (YsaT = YWaTER)
= 50(135 - 62.5) + (25/2)(120 - 62.5) = 4344 psf

Lower ed

P = d{(Ypry + 0-2(Ysar = YprY)} + (D3 - 4) (Ysar -~ YwATER)
"~ + (D3/2) (YsaT — YWATER)

20{116 + 0.2(135 - 116)} + 30(135 - 62.5) + 12.5(120 - 62.5)
= 5290 psf

AP = 5290 =~ 4344 = 946 psf increase

Check: AP = 20{62.5 - 0.8(135 - 116)} = 946 psf
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Pl PI NG

For excavation in pervious materials (sands), the condition of
pi ping can occur when an unbal anced hydrostatic head exists. This
causes large upward flows of water through the soil and into the bottom
of the excavation. Material will be transported, which, if allowed
to continue, wll cause settlenent of the soil adjacent to the
excavation. This is also known as a sand boil or a quick condition.

The passive resistance of enbedded nenbers will be reduced.

To correct this problem either equalize the unbalanced hydraulic
head by allow ng the excavation to fill with water or |ower the water
table outside the excavation by dewatering.

If the enbedded Iength of the shoring system member is |ong enough,
the condition of piping should not develop. Charts giving |engths of
sheet pile enbedment which will result in an adequate factor of safety
agai nst piping shown on page 65 of the USS Steel Sheet Piling Design
Manual . These charts are of particular interest for cofferdans
constructed of sheet piling.
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STRATI FI ED LAYER CONVERSI ON

M xed | ayers of soil can be converted to an approximate: equivalent:
clay type soil by use of the equations given below. These equations
merely convert the soil to an equivalent clay based on the weighted
averages of the individual layers. Note that this approxinmationmy
result in a total horizontal pressure which is |ess than that
calculated by the trial wedge nethod.

Do not use this method when there is a clay layer on top. In this
situationnmake a separate calculation for the top |layer, then use an
equival ent soil for the remainder of the depth. Another acceptable
met hod which will take care of any situation is the sem -graphical
trial wedge.

Case | (sand over clay)

T Equivalent Clay
Hg Sand
Y = (YgHg + Heye) /H
He Clay -
J{ ' (See Note Below)

Case II (multiple layers, sand on top)

/[\ .
Use H' = KgqHq2tan ¢

Hgy Sand s7s

* .| 9= [V1H"y + YoHeo + ¥3H's + V4Hco4)/H

Heo Clay Y = [yqHgy + ¥oHea + Y3Hgy + Y4Hcy)/H
H * ~ Note: For practical purposes Kg and n

" can be assumed to be equal to

Hgs sand 1.0.

y .

A Subscripts S and C refer to sand

Hegq Clay and clay.

\‘V For sand 9y = 0

11-14



SPECI AL CONDI TI ONS

EXAVPLE PROBLEM - SHEET PILING USI NG STRATI FI ED SO L.

This sheet piling problem shows the effect on horizontal pressure

after the sandy clay |ayer is drained; see ini

tal

and final pressure

diagrans. Two pressures exist at each soil boundary el evati onbecause

Medium Sand
Fill

Natural Medium
to Coarse Sand

Sandy Clay

Coarse Sand

a different K value is used for each soil type.
Sheet Piling-\‘l' El. +6
. W.T. El. O
==
Elo -12
El. -18
Assune
G = 2.65 for all soils.
p, = Vertical Pressure
Pp = Active Horizontal Pressure

Pp = Pytan?(45° - ¢/2) - 2Ctan(45° - ¢/2
Yerr = (1 + w)ydry ’

)

Void Ratio = e = (Gyw/ydry) -1, Yuw = 62.4

W= wat er content

Layer Yary w Yot 9° e c
Sand Fill: 100 10.0% 110 28

Natural Sand: 102 24.5% 127 28 0.62

Sandy Clay: 83 37.0% 114 16 0.99 275
Coarse Sand: 105 21.6% 128 36 0.575

Submerged Weight = ygyg = (G = 1)y,/(1 + e)

Natural Sand: Ysygp = (1.65)(624)/(1 + 0.62) = 63.6 pcf
Sandy Clay: Ysup = (1.65)(624)/(1 + 0.99) = 51.7 pcf
Coarse Sand: Ysup = (1-65)(624)/(1 + 0.575) = 65.4 pcf
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CALCULATION OF PRESSURES
No Fill Condition (See diagram A .on next sheet)

El. 0 P, = O psf
El. -12 P, = 12(63.6)tan?(45° - 28°/2) = 276 psf

El. =12 P, = 12(63.6)tan?(45° - 16°/2) - 2(275)tan(45° - 16°/2
19 psf :
El. -18 P, = {12(63.6) + 6(51.7)}tan?(45° - 16°/2)
- 2(275)tan(45° - 16°/2)
= 195 psf. )

El. =18 P, = {12(63.6) + 6(51.7)}tan2(45° - 36°/2) = 279 psf
El. ~24 P, = {12(63.6) + 6(51.7) + 6(65.4)}tan?(45° - 36°/2)
= 381 psf '

Drai ned Condition (See diagram B on next sheet)

El. 0 P, = 6(110)tan?(45° - 28°/2) = 238 psf

El. 0 P, = 6(110)tan®(45° - 28°/2) = 238 psf
El. =12 P, = {6(110) + 12(63.6)}tan2(45° - 28°/2) = 514 psf
El. -12 {6(110) + 12(63.6)}tan2(45° - 16°/2) -
2(275)tan(45° - 16°/2)

= 394 psf
El. =18 P, = {6(110) + 12(63.6) + 6(51.7)}tan?(45° - 16°/2)

- 2(275)tan(45° - 16°/2)
= 570 psf

Y
»
]

El. <18 P, = {6(110) + 12(63.6) + 6(51.7)}tan?(45° - 36°/2)
= 450 psf

El. =24 P, = {6(110) + 12(63.6) + 6(51.7) + 6(65.4)}
" tan2(45° - 36°/2)
= 552 psf

| medi ately after the sand fill is placed an increase of 660 PSF
overburden pressure (vertical) is applied to the soil and the water
contained therein. For granular soils the increased water pressure
qui ckl'y dissipates. Cohesive soils do not allow free flow of water,
therefore for sone period of time the pressure acting horizontally
Is equal to the vertical pressure, See diagramc on the next page.
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Initial Fill Condition (diagram O

Pressure in Clay Layer. Imediatly After Sand Fill is Placed.
El. =12P, = 6(110) + 19 = 679 psf
El. -18P, = 6(110) + 195 = 855 psf

El. +6

El. 0

El. -12

El. -18

Elc -24

D agram

No Fill

Medium Sand
Fill

Natural
Medium to
Coarse Sand

Sandy Clay

195

279

Coarse Sand

381

Drained - after

a period of time

238

514
394

570
450

552
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SLOPE STABILITY

The nost critical failure surface will be dependent on site geol ogy
and is not necessarily circular. Non-circular failure surfaces can
be caused by adversely dipping bedding planes, zones of weak soil or
unfavorabl e ground water conditions. Crcular solutions to slope
stability have been devel oped prinarily because of the ease this
geonetry lends to the conputational procedure.

Two approxi mate nethods used for investigating the factor of safety
for potential stability failure are:

"Fel l enius Method of Slices'
"Sinmplified Bishop Method of Slices'

The basic equation for each of these nmethods is:

- _ i=n _ i=n
F={CL+tan¢ X N;j}/{Z W;sinby}
i=1 o i=1

Nonehclature
F = Factor of safety
F. = Assumed factor of safety
| = Represents the current slice
@ = Friction angle based on effective stresses
C = Cohesion intercept based on effective stresses
W = Weight of the slice
Nl = Effective normal force
6; = Angle fromthe horizontal of a tangent at the center of

the slice along the slip surface

T, = Tensile force

u - Pore-water pressure force on a slice

u, - Resul tant neutral (pore-water pressure) force
Al; = Length of the failure arc cut by the slice

—
1

Length of the entire failure arc
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For maj or excavations in side slopes, slope stability failure for the
entire system should be investigated.

3/4:1

Diagram for use with
the examples of
Fellenius and Bishop
Methods of slices

Scaled
slice
height

Assumed
failure
arc

F167 107 107 107 107 2071

For major tie-back systens in other
than optinmum soils (as cohesive)
over-all system failure should be
I nvesti gat ed.

Mnimumtrial radii extend to end
of ties; centers are on a line
parallel to the slope.
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FELLEN US METHOD

Al so known as 'Ordinary Method of Slices' or 'Swedish Circle'.
This nethod assunes that for any slice, the forces acting upon
its sides has a resultant of zero in the direction normal to the
failure arc. This method errs on the safe side, but is wdely
used in practice because of its early origins and sinplicity.

\| ~K_| — Resultant of all side
- I forces assumed to act
~ ‘ in this direction

\ e ii - found by summing
Voo forces in this

Wi direction
\
T3
Gi w i=u iAl i

N; = Wicosoi - niAli

The basic equation becomes:

— _ i=n i=n
F={CL+ tan¢g 2 (Wicosoi - uiAli)}/{ = Wisinei}
i=1 i=1

The procedure is to investigate many possible failure planes, wth
different centers and radii, to zero in on the nmost critical.
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AVPLE P LEM . 20 - FELLEN MVET Ll
G VEN:
y= 115 pecf @ = 30° C = 200 psf No groundwater
OLUTION:

Scaled dimensions from graphic layout are satisfactory.

Angles Slice Weights

‘ Y =0.115 kcf _
6, =sin™1( 6.7/60.0) = 6.41° W, =(1/2)(12.4) (10) (0.115) = 7.13k
6, = sin"1(15.0/60.0) = 14.47 Wy =(17.8) (10) (0.115) = 20.47 :
65 =sin"1(25.0/60.0 = 24.62  W;=(27.6)(10)(0.115) = 31.74
6, =sin"1(35.0/60.0) = 35.69 W, =(34.7) (10) (0.115) = 39.91
65 = sin"1(45.0/60.0) = 48.59 Wg = (40.0) (10) (0.115) 46.00
6g = sin"1(55.0/60.0) = 66.44 Wg =(35.8) (10) (0.115) 41.17

Slice Goi I:Ii Wisinoi Wicosei Nj
' ) (kips)

1 6.41 7.13 0.80 7.09 7.09
2 14.47 20.47 5.11 19.82 19.82
3 24.62 31.74 - 13.22 28.85 28.85
4 35.69 39.91 23.28 32.41 32.41
5 48.59 46.00 34.50 30.43 30.43
6 66.44 41.17 37.74 16.46  16.46

2=114.66 2=135.06

U; =0 L = 111.9'

(found by geometry & scaling)

F= {(0.2)(111.9) + (6.577)(135.06)}/114.66
= 0.87 < 1

This is the value for one trial failure plane. Additional trials are
necessary to determne the critical one which gives mnimm factor
of safety. The slope for this sanple problemis deened to tie unstable
since he conputed safety factor determned by this single
calculation is |less than one.
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Bl SHOP METHOD

Thi s nethod, assunes that the forces acting on the sides of tiny
slice have a zero resultant in the vertical direction

| Resultant of all side
¢(/’—- forces assumed to act

in this direction

N; - found by summing
. i :
w:V : /— forces in this

i \
e direction
T3
|

'4;22;::: £§\\

§i=={Wi - ujAx; -(llFa)EAxitanGi}/COSBi{l + (tanoitaﬁa}/Fa

The basic equation becones:

i=n _ - i=n |
F= {2 (CAx; + (Wj - ujAx;)tang) (1/M;)}/{ £ Wysinb;}
i=n : i=n

Where M; = cosei{l + (tanﬂitaﬂE/Fa)}

For Bishop Method, the Factors of Safety (F,) nust be assumed and
a trial and error solution is required. The assuned "F,' °" converge
on the Factor of safety for that trial failure plane. Good agreenment
between the assunmed "F," and the calculated "F" indicates the
selection of center and radius was good.
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SPECIAL CONDITIONS

SAVPLE PROBIEM No. 21 - BJ SHOP METHOD

Same as the previous exanple.

OLUTION:
Col um A B c D E E G
Slice 0; W3 EA",:‘L Witan-q-b cosf; taneitana C+D
1 6.41 7.13 2.0 4.12 0.99 0.06 6.12
2 14.47 20.47 2.0 "11.82 0.97 0.15 13.82
-3 24.62 31.74 2.0 18.33 0.91 0.26 - 20.33
4 -35.69 39.91 2.0 23.04 0.81° 0.41 25.04
5 48.59 46.00 2.0 26.56 0.66 - 0.65 28.56
6 66.44 41.17 2.0 23.77 0.40  1.32 25.77
Column Ha Hb Ia Ib J
Slice M3 G+Ha G+Hb Wisinf;
Fa=1.5 F,=0.8  Fp=1.5  F,=0.8
1 1.04 1.07 5.94 5.72 0.80
2 1.06 1.15 - 12.92 12.02 5.11
3 1.07 1.21 19.00 16.94 13.22
4 1.04 1.23 24.31 - 20.36 23.28
5 0.95 1.20 30.06 23.80 34.50
6 0.75 1.06 34.36 24.31 37.74

$=126.59 X=103.15 Z=114.65

For Fy = 1.5

F=126.59/114.65 = 1.104 The factor of safety
For Fo, = 0.8 N for this trial
F=103.15/114.65 = 0.900 converges to = 0.9.

Again, this is the value for one trial failure plane. Additional
trials are necessary to determne the critical one which gives mninmm
factor of safety.

If groundwater was present pore pressure would need to be considered.
These values are nost typically field neasured.
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

The foregoing slope stability presentation serves to denmonstrate the
complexity of stability analysis. Soil failure analysis should not
be limted to circular arc solutions. There are a nunber of conputer
prograns for slope stability analysis using non-circular shapes.

Slope stability analysis is nmost properly within the real m of
geot echni cal engi neeri ng.

Wien it appears that shoring or a cut slope presents a possibility
of some formof slip failure, a stability analysis should be
requested. In addition, the Transportation Materials and Research
Laboratory in Sacranento has the capability of perform ng conputer
aided stability analysis to verify the submtted anal ysis.

Submittals relative to soils data and anal ysis should be froma

recogni zed soils lab or froma qualified Geotechnical Engineer or
Ceol ogi st.
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SPECI AL CONDI TI ONS

HYDRAULI C FORCES ON COFFERDANMS AND OTHER STRUCTURES

Moving water inposes drag forces on obstructions in waterways. The
drag force in equation form (after Ratay) is:

Fy= p(a) (C,) (V}/29)

Where: p = Water density.
A = Projected area of the obstruction normal to the
current.
Cs= Coefficient of drag.
V = Velocity of the current.
g = Acceleration due to gravity.

In english units p = 2g so that:
F = A(Cy) (V)
.Where: A = Ft?

Cs= pounds
V = ft/sec.

AT
) )
©
57
=5
) =D
—-—'\/——
PROJECTED AREA DRAG FORCES

Consi deri ng rou?hness along the sides of the obstructions (as for
a sheetpile cofferdamthe practical value for ¢4 = 2.0.

Fe= 2aV?

Whi ch may be considered to be applied in the sane
manner as a wind rectangular |oad on the |oaded
hei ght of the obstruction.

Exanple: Determne the drag force on a six foot dianeter
corrugated nmetal pipe placed vertically in water of
average depth of 6 feet flowing at 4 feet per second.

Projected Area = 6(6) = 36 Ft°.

F, = 2{36)(4)% = 1,152 Lbs.
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